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1. 

VEHICLE HAVING SYSTEMAND METHOD 
OF DAGNOSING SECONDARY AIR 

INUECTION APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

The present application claims priority to Korean Patent 
Application No. 10-2012-00794.03 filed on Jul. 20, 2012, the 
entire contents of which is incorporated herein for all pur 
poses by this reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a vehicle having a system 

and a method of diagnosing a secondary air injection appa 
ratus. More particularly, the present invention relates to a 
vehicle having a system and a method of diagnosing a sec 
ondary air injection apparatus that can diagnose fault of the 
secondary air injection (SAI) apparatus without mounting an 
additional flow meter for detecting the fault at lines. 

2. Description of Related Art 
Recently, various technologies for reducing exhaust have 

been researched so as to meet strict exhaust regulations and 
one of Such the technologies is catalyst heating. 

According to the catalyst heating, an idle rotation speed 
(idle RPM) is raised for activating a catalyst at initial starting 
if an engine is not started for more than a predetermined time. 
If the idle rotation speed is raised compared to an engine load, 
a temperature of an exhaust gas is raised and a temperature of 
the catalyst is also raised when a high-temperature exhaust 
gas flows through the catalyst. Therefore, activation of the 
catalyst may be quickly achieved and the exhaust may be 
reduced. 

Secondary air injection (SAI) technology has been 
researched for the catalyst heating. According to the SAI 
technology, a portion of intake air is Supplied to an exhaust 
manifold or an exhaust line so as to burn the exhaust gas 
exhausted from a combustion chamber again. If the exhaust 
gas is burnt again, a temperature of the exhaust gas rises and 
accordingly the temperature of the catalyst also rise. 
An SAI apparatus will be described in further detail. 
The SAI apparatus includes an intake line for Supplying air 

to the engine, an exhaust line for exhausting the exhaust gas 
generated at the engine, and an SAI line for connecting the 
intake line with the exhaust line. 
An air filter is mounted at the intake line and a catalytic 

converter is mounted at the exhaust line. One end of the SAI 
line is connected to the intake line located at a rear end of the 
air filter, and the other end of the SAI line is connected to the 
exhaust line located at a front end of the catalytic converter. In 
addition, an SAI valve is mounted at the SAI line so as to 
selectively supply the air in the intake line to the exhaust line. 
That is, the air in the intake line is supplied to the exhaust line 
through the SAI line Such that the exhaust gas in the exhaust 
line is burnt again if the SAI valve is open. 

In addition, an SAI pump is mounted at the SAI line. In 
order to supply the air to the exhaustline through the SAI line, 
a pressure of the SAI line is to be higher than that of the 
exhaust gas. Therefore, the SAI pump raises the pressure of 
the SAI line so as to supply the air to the exhaust line effi 
ciently. 

Meanwhile, a flow meter is to be mounted at the SAI line 
and detects a flow amount of the SAI so as to meet reliability 
and on-board diagnosis (OBD) regulations of the SAI appa 
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2 
ratus. That is, fault such as stuck of the SAI valve can be 
diagnosed by detecting the flow amount of the SAI flowing 
into the SAI line. 

If the flow meter is mounted at the SAI line, however, cost 
may increase and it may be difficult to design layout of the 
SAI line. 
The information disclosed in this Background of the Inven 

tion section is only for enhancement of understanding of the 
general background of the invention and should not be taken 
as an acknowledgement or any form of Suggestion that this 
information forms the prior art already known to a person 
skilled in the art. 

BRIEF SUMMARY 

Various aspects of the present invention are directed to 
providing a vehicle having a system and a method of diag 
nosing a secondary air injection apparatus having advantages 
of diagnosing fault of the secondary air injection apparatus 
without mounting an additional flow meter for fault diagnosis 
at an SAI line. 

In an aspect of the present invention, a vehicle having a 
system of diagnosing a secondary air injection apparatus, 
may include an engine generating power by burning air/fuel 
mixture; an intake line Supplying air to the engine; an exhaust 
line exhausting exhaust gas produced at the engine to the 
exterior of the vehicle; a secondary air injection (SAI) line 
branching off at a branch point of the intake line and being 
joined to the exhaustline at a joining point of the exhaust line; 
a first pressure sensor mounted at the intake line and detecting 
pressure or amount of intake air flowing through the intake 
line; a catalytic converter mounted at the exhaust line and 
removing noxious material contained in the exhaust gas; a 
first oxygen sensor mounted at the exhaust line between the 
joining point and the catalytic converter and detecting air/fuel 
ratio in the exhaust line; an SAI pump mounted at the SAI line 
and pumping the airflowing through the intake line to the SAI 
line; an SAI valve mounted at the SAI line and selectively 
communicating the SAI line with the exhaust line; and a 
control portion controlling the SAI pump and the SAI valve 
So as to perform catalyst heating, wherein the control portion 
determines air/fuel ratio of secondary combustion in a state 
where secondary airinjection (SAI) is executed by driving the 
SAI pump and opening the SAI valve, determines air/fuel 
ratio of a combustion chamber in a state where the SAI valve 
is closed after the catalyst heating is completed by driving the 
SAI pump and opening the SAI valve, and determines fault by 
comparing the air/fuel ratio of the secondary combustion or 
the air/fuel ratio of the combustion chamber with the air/fuel 
ratio of the exhaust line detected by the first oxygen sensor. 
The control portion opens the SAI valve when a pressure of 

the SAI line is higher than or equal to a predetermined pres 
SUC. 

The control portion stores a first fault code related to SAI 
valve stuck or SAI line leak when the air/fuel ratio of the 
secondary combustion is larger than the air/fuel ratio of the 
exhaust line. 
The control portion stores a second fault code related to an 

error of modeling value for determining a flow amount of the 
SAI when the air/fuel ratio of the secondary combustion is 
smaller than the air/fuel ratio of the exhaust line. 
The control portion stores a third fault code related to the 

SAI valve stuck when the air/fuel ratio of the combustion 
chamber is not equal to the air/fuel ratio of the exhaust line. 
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The control portion determines the air/fuel ratio of the 
secondary combustion using the pressure or the amount of the 
intake air detected by the first pressure sensor and a rotation 
speed of the SAI pump. 
The control portion determines a pressure difference 

between a front end and a rear end of the SAI valve using the 
rotation speed of the SAI pump and an exhaust pressure 
according to a load. 

Modeling value for determining a flow amount of the SAI 
according to the pressure difference between the front end 
and the rear end of the SAI valve is stored in the control 
portion. 
The control portion determines the air/fuel ratio of the 

combustion chamber using the pressure or the amount of 
intake air detected by the first pressure sensor. 
The control portion determines that the catalyst heating is 

completed when a temperature of the catalytic converter is 
higher than or equal to a predetermined temperature. 

In another aspect of the present invention, a method of 
diagnosing a secondary air injection apparatus provided with 
a first pressure sensor mounted at an intake line which Sup 
plies air to an engine and detects a pressure or an amount of 
intake air, a first oxygen sensor mounted at an exhaust line 
which exhausts exhaust gas generated at the engine and 
detects air/fuel ratio of the exhaust line, a SAI line which 
Supplies the air to the exhaust gas of the exhaust line for 
catalystheating, and an SAI pump and an SAI valve mounted 
at the SAI line, may include driving the SAI pump when a 
catalyst heating condition is satisfied; opening the SAI valve; 
determining air/fuel ratio of secondary combustion; detecting 
the air/fuel ratio of the exhaust line using the first oxygen 
sensor; and determining fault of the secondary air injection 
apparatus by comparing the air/fuel ratio of the secondary 
combustion with the air/fuel ratio of the exhaust line. 
The SAI valve is opened when a pressure of the SAI line is 

higher than or equal to a predetermined pressure. 
The determining of the air/fuel ratio of the secondary com 

bustion includes: detecting the amount of the intake air; deter 
mining fuel injection amount; determining pressure differ 
ence between a front end and a rear end of the SAI valve; 
determining a flow amount of SAI according to the pressure 
difference; and determining the air/fuel ratio of the secondary 
combustion using the amount of the intake air, the fuel injec 
tion amount, and the flow amount of the SAI. 

The method may further include storing a first fault code 
related to SAI valve stuck or SAI line leak when the air/fuel 
ratio of the secondary combustion is larger than the air/fuel 
ratio of the exhaust line. 
The method may further include storing a second fault code 

related to an error of modeling value for determining the flow 
amount of the SAI when the air/fuel ratio of the secondary 
combustion is smaller than the air/fuel ratio of the exhaust 
line. 

In further another aspect of the present invention, a method 
of diagnosing a secondary air injection apparatus provided 
with a first pressure sensor mounted at an intake line which 
Supplies air to an engine and detects a pressure or an amount 
of intake air, a first oxygen sensor mounted at an exhaust line 
which exhausts exhaust gas generated at the engine and 
detects air/fuel ratio of the exhaust line, a SAI line which 
Supplies the intake air to the exhaust gas of the exhaust line for 
catalystheating, and an SAI pump and an SAI valve mounted 
at the SAI line may include driving the SAI pump when a 
catalyst heating condition is satisfied; opening the SAI valve; 
determining whether the catalyst heating is completed; clos 
ing the SAI valve when the catalyst heating is completed, 
determining air/fuel ratio of a combustion chamber in the 
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4 
engine; detecting the air/fuel ratio of the exhaust line using 
the first oxygen sensor; and determining fault of the second 
ary air injection apparatus by comparing the air/fuel ratio of 
the combustion chamber with the air/fuel ratio of the exhaust 
line. 
The SAI valve is opened when a pressure of the SAI line is 

higher than or equal to a predetermined pressure. 
The determining of the air/fuel ratio of the combustion 

chamber includes: detecting the amount of the intake air; 
determining fuel injection amount; and determining the air/ 
fuel ratio of the combustion chamber using the amount of the 
intake air and the fuel injection amount. 
The method may further include storing a third fault code 

related to the SAI valve stuck when the air/fuel ratio of the 
combustion chamber is not equal to the air/fuel ratio of the 
exhaust line. 
The SAI valve is opened when the pressure of the SAI line 

is higher than or equal to a predetermined pressure. 
The methods and apparatuses of the present invention have 

other features and advantages which will be apparent from or 
are set forth in more detail in the accompanying drawings, 
which are incorporated herein, and the following Detailed 
Description, which together serve to explain certain prin 
ciples of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a secondary air injection 
apparatus according to an exemplary embodiment of the 
present invention. 

FIG. 2 is a block diagram of a system of diagnosing a 
secondary air injection apparatus according to an exemplary 
embodiment of the present invention. 

FIG.3 is a flowchart of a method of diagnosing a secondary 
air injection apparatus according to an exemplary embodi 
ment of the present invention. 

FIG. 4 is a flowchart of a method of diagnosing a secondary 
air injection apparatus according to another exemplary 
embodiment of the present invention. 

FIG. 5 is a graph showing a flow amount of SAI to a 
pressure difference between a front end and a rear end of an 
SAI valve. 

It should be understood that the appended drawings are not 
necessarily to scale, presenting a somewhat simplified repre 
sentation of various features illustrative of the basic prin 
ciples of the invention. The specific design features of the 
present invention as disclosed herein, including, for example, 
specific dimensions, orientations, locations, and shapes will 
be determined in part by the particular intended application 
and use environment. 

In the figures, reference numbers refer to the same or 
equivalent parts of the present invention throughout the sev 
eral figures of the drawing. 

DETAILED DESCRIPTION 

Reference will now be made in detail to various embodi 
ments of the present invention(s), examples of which are 
illustrated in the accompanying drawings and described 
below. While the invention(s) will be described in conjunc 
tion with exemplary embodiments, it will be understood that 
the present description is not intended to limit the invention(s) 
to those exemplary embodiments. On the contrary, the inven 
tion(s) is/are intended to cover not only the exemplary 
embodiments, but also various alternatives, modifications, 
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equivalents and other embodiments, which may be included 
within the spirit and scope of the invention as defined by the 
appended claims. 
An exemplary embodiment of the present invention will 

hereinafter be described in detail with reference to the accom 
panying drawings. 

FIG. 1 is a schematic diagram of a secondary air injection 
apparatus according to an exemplary embodiment of the 
present invention. 
As shown in FIG. 1, a secondary air injection apparatus 

according to an exemplary embodiment of the present inven 
tion includes an intake line 10, an engine 20, a secondary air 
injection (SAI) line 30, and an exhaust line 40. 
The intake line 10 is used for supplying air to the engine 20 

and an air filter 12, a first pressure sensor 14, a second pres 
sure sensor 16, and a throttle valve 18 are mounted at the 
intake line 10. 
The air filter 12 filters foreign material contained in the air 

flowing into the intake line 10. 
The first pressure sensor 14 is mounted at the intake line 10 

downstream of the air filter 12 and detects a pressure of the air 
flowing through the intake line 10. If using the pressure 
detected by the first pressure sensor 14, an amount of the air 
flowing through the intake line 10 can be calculated. That is, 
since modeling value for calculating the amount of the air 
according to the pressure of the air is stored, the amount of the 
air can be calculated using the pressure of the air. A first flow 
meter instead of the first pressure sensor 14 may be used. 
The second pressure sensor 16 is mounted at the intake line 

10 downstream of the first pressure sensor 14 and detects a 
pressure of an intake manifold. 
The throttle valve 18 is mounted at the intake line 10 

downstream of the second pressure sensor 16 and controls the 
amount of the air supplied to a combustion chamber of the 
engine 10. 
The engine 20 generates power by burning the air Supplied 

through the intake line 10 and fuel injected by an injector. The 
combustion chamber is formed at the engine 20 and a spark 
plug is mounted at the combustion chamber so as to burn 
air/fuel mixture supplied to the combustion chamber. Mean 
while, the injector may be mounted at the intake line 10 or the 
combustion chamber. 
The SAI line 30 branches off at a branch point 13 posi 

tioned at the intake line 10 and joins the exhaust line 40. The 
branch point 13 is positioned downstream of the air filter 12. 
An SAI pump 32 and an SAI valve 34 are mounted at the SAI 
line 30, and the SAI line 30 is used for supplying a portion of 
the air flowing through the intake line 10 to the exhaust line 
40. 
The SAI pump 32 pumps the airflowing through the intake 

line 10 to the SAI line 30. In addition, the SAI pump 32 
increases the pressure of the airflowing through the SAI line 
30 so as to supply the air to the exhaust line 40 efficiently. The 
SAI pump 32 may be controlled by a pulse width modulation 
(PWM) signal. 
The SAI valve 34 selectively communicates the SAI line 30 

with the exhaust line 40. That is, the air flowing through the 
SAI line 30 is supplied to the exhaust line 40 so as to burn the 
exhaust gas again if the SAI valve 34 is open. On the contrary, 
the air flowing through the SAI line 30 is not supplied to the 
exhaust line 40 if the SAI valve 34 is closed. 
The exhaust line 40 is used for exhausting the exhaust gas 

generated at the engine to the exterior of a vehicle. A first 
oxygen sensor 42, a catalytic converter 44, and a second 
oxygen sensor 46 are mounted at the exhaust line 40. 
The first oxygen sensor 42 detects an air/fuel ratio of the 

exhaust line. Herein, the air/fuel ratio of the exhaust line 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
means a ratio of oxygen and fuel contained in the exhaust gas 
exhausted from the engine 20. An operation of the engine 20 
may be controlled according to the air/fuel ratio of the exhaust 
line detected by the first oxygen sensor 42. 
The catalytic converter 44 is mounted at the exhaust line 40 

downstream of the first oxygen sensor 42. The catalytic con 
Verter 44 is adapted to remove noxious material contained in 
the exhaust gas. The catalytic converter 44 may be but not be 
limited to a three way catalytic converter. 
The second oxygen sensor 46 is mounted at the exhaust line 

40 downstream of the catalytic converter 44. The second 
oxygen sensor 46 detects the air/fuel ratio of the exhaust gas 
passing the catalytic converter 44. Therefore, it is determined 
whether the catalytic converter 44 operates normally based on 
the detected value of the second oxygen sensor 46. 

Meanwhile, a turbo charger 50 is mounted between the 
intake line 10 and the exhaust line 40. The turbo charger 50 
increases the amount of the intake air using energy of the 
exhaust gas. The turbo charger 50 includes a compressor 52 
mounted at the intake line 10, a turbine 54 mounted at the 
exhaust line 40, and a connecting shaft 56 connecting the 
compressor 52 and the turbine 54. 

In addition, a joining point 41 is positioned at the exhaust 
line 40 upstream of the turbine 54 and the SAI line 30 and the 
exhaust line 40 are joined together at the joining point 41. The 
SAI valve 34 is mounted at the SAI line 30 near the joining 
point 41. 

FIG. 2 is a block diagram of a system of diagnosing a 
secondary air injection apparatus according to an exemplary 
embodiment of the present invention. 
As shown in FIG. 2, a system of diagnosing the secondary 

air injection apparatus according to an exemplary embodi 
ment of the present invention includes a control portion 60 for 
diagnosing the secondary air injection apparatus based on the 
pressure or the amount of the air and the air/fuel ratio of the 
exhaust line detected respectively by the first pressure sensor 
14 and the first oxygen sensor 42. 
The control portion 60 is electrically connected to the first 

pressure sensor 14 and receives a signal corresponding to the 
pressure of the air flowing through the intake line 10. The 
control portion 60 calculates the amount of the air flowing 
through the intake line 10 based on the pressure of the air. 
Therefore, the modeling value for calculating the amount of 
the air according to the pressure of the air may be stored in the 
control portion 60. On the contrary, the control portion 60 
may receive a signal corresponding to the amount of the air 
directly from the first flow meter mounted at the intake line 
10. 

In addition, the control portion 60 is electrically connected 
to the first oxygen sensor 42 and receives a signal correspond 
ing to the air/fuel ratio of the exhaust line. 
The control portion 60 can be realized by one or more 

processors activated by a predetermined program, and the 
predetermined program can be programmed to perform each 
step of a method of diagnosing a secondary air injection 
apparatus according to an exemplary embodiment of the 
present invention. Therefore, the control portion 60 is adapted 
to control the SAI pump 32 and the SAI valve 34 so as to 
perform each step of a method of diagnosing the secondary air 
injection apparatus according to an exemplary embodiment 
of the present invention. 

Hereinafter, the method of diagnosing the secondary air 
injection apparatus according to an exemplary embodiment 
of the present invention will be described in detail. 

FIG.3 is a flowchart of a method of diagnosing a secondary 
air injection apparatus according to an exemplary embodi 
ment of the present invention. An exemplary embodiment of 
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the present invention illustrated in FIG. 3 is a method for 
diagnosing fault of the SAI apparatus during the SAI is per 
formed. 
As shown in FIG. 3, the method of diagnosing the second 

ary air injection apparatus according to an exemplary 
embodiment of the present invention begins when the engine 
20 is started at step S100. 

If the engine 20 is started, the control portion 60 determines 
whether a catalyst heating condition is satisfied at step S110. 
Herein, the catalyst heating condition is satisfied when the 
engine 20 is not started for more thana predetermined time. In 
addition, the predetermined time may be 8 hours. 

If the catalyst heating condition is not satisfied, the control 
portion 60 finishes the method of diagnosing the fault accord 
ing to an exemplary embodiment of the present invention. 

If the catalyst heating condition is satisfied, the control 
portion 60 drives the SAI pump 32 at step S120. If the pres 
sure of the SAI line 30 is higher than or equal to a predeter 
mined pressure due to the operation of the SAI pump 32, the 
control portion 60 opens the SAI valve 34 so as to supply the 
air to the exhaust line 40 at step S130. In this case, the exhaust 
gas is burnt again by the air Supplied to the exhaust line 40. 

At this state, the first pressure sensor 14 detects the pres 
sure of the airflowing through the intake line 10 and transmits 
the signal corresponding thereto to the control portion 60. In 
this case, the control portion 60 detects the amount of the 
intake air based on the modeling value for calculating the 
amount of the air according to the pressure of the air at step 
S140. 

In addition, the control portion 60 calculates a fuel injec 
tion amount according to the amount of the intake air at Step 
S150 and accordingly controls the injector. 
As described above, the SAI pump 32 is controlled by the 

PWM signal. Therefore, the control portion 60 can calculate 
a rotation speed of the SAI pump 32 according to the PWM 
signal and can calculate a pressure at a front end of the SAI 
valve 34 according to the rotation speed of the SAI pump 32. 
In addition, the control portion 60 calculates a pressure of the 
exhaust gas (i.e., pressure at a rear end of the SAI valve 34). 
The pressure of the exhaust gas is decided according to engine 
load and a map in which the pressure of the exhaust gas 
according to the engine load is stored is provided in the 
control portion 60. 

After that, the control portion 60 calculates a pressure 
difference between the front end and the rear end of the SAI 
valve 34 at step S160 and calculates the flow amount of the 
SAI according to the pressure difference at step S170. As 
shown in FIG. 5, modeling value for calculating the flow 
amount of the SAI according to the pressure difference 
between the front end and the rear end of the SAI valve 34 is 
stored in the control portion 60. Therefore, the control portion 
60 calculates the flow amount of the SAI using the pressure 
difference. 

After that, the control portion 60 calculates an air/fuel ratio 
of secondary combustion at step S180. Herein, the air/fuel 
ratio of the secondary combustion means an air/fuel ratio at a 
time when the air of the SAI line 30 is supplied to the exhaust 
line 40 and the exhaust gas is burnt again. The air/fuel ratio of 
the secondary combustion can be calculated from the follow 
ing equation. 

Herein, W1 is the air/fuel ratio of the secondary combustion, 
N is the amount of the intake air, M is the flow amount of the 
SAI, and F is the fuel amount. 
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8 
In addition, the first oxygen sensor 42 detects the air/fuel 

ratio of the exhaust line at step S190 and transmits the signal 
corresponding thereto to the control portion 60. 
The control portion 60 determines whether the air/fuel 

ratio of the secondary combustion is equal to the air/fuel ratio 
of the exhaust line at step S200. 

If the air/fuel ratio of the secondary combustion is equal to 
the air/fuel ratio of the exhaust line, the control portion 60 
determines whether catalyst heating is completed at step 
S210 because fault of the SAI apparatus does not occur. The 
catalyst heating is determined to be completed if a tempera 
ture of the catalytic converter 44 is higher than or equal to a 
predetermined temperature (e.g., an activation temperature of 
a catalyst). 

If the catalyst heating is not completed, the control portion 
60 returns to the step S120 and continues to drive the SAI 
pump 32. 

If the catalyst heating is completed, the control portion 60 
closes the SAI valve 34 at step S220 and stops the operation 
of the SAI pump 32 at step S230. 

Meanwhile, if the air/fuel ratio of the secondary combus 
tion is not equal to the air/fuel ratio of the exhaust line at the 
step S200, the control portion 60 determines whether the 
air/fuel ratio of the secondary combustion is larger than the 
air/fuel ratio of the exhaust line at step S240. 

If the air/fuel ratio of the secondary combustion is larger 
than the air/fuel ratio of the exhaust line, the control portion 
60 stores a first fault code. If the air/fuel ratio of the secondary 
combustion is smaller than the air/fuel ratio of the exhaust 
line, the control portion 60 stores a second fault code. The first 
fault code is a fault code related to SAI valve stuck or SAI line 
leak, and the second fault code is a fault code related to an 
error of the modeling value for calculating the flow amount of 
the SAI. 

After the fault code is stored, the control portion 60 closes 
the SAI valve 34 at the step S220 and stops the operation of 
the SAI pump 32. 

Hereinafter, a method of diagnosing the secondary air 
injection apparatus according to another exemplary embodi 
ment of the present invention will be described in detail. 

FIG. 4 is a flowchart of a method of diagnosing a secondary 
air injection apparatus according to another exemplary 
embodiment of the present invention. Another exemplary 
embodiment of the present invention illustrated in FIG. 4 is a 
method for diagnosing fault of the SAI apparatus after the 
SAI is completed. 
As shown in FIG. 4, the method of diagnosing the second 

ary air injection apparatus according to begins when the 
engine 20 is started at step S300. 

If the engine 20 is started, the control portion 60 determines 
whether the catalyst heating condition is satisfied at Step 
S310. If the catalyst heating condition is satisfied, the control 
portion 60 drives the SAI pump 32 at step S320 and opens the 
SAI valve 34 at step S330 so as to warm up the catalytic 
converter 44. 

After that, the control portion 60 determines whether the 
catalyst heating is completed at step S340. If the catalyst 
heating is not completed, the control portion 60 returns to the 
step S320. If the catalyst heating is completed, the control 
portion 60 closes the SAI valve 34 at step S350 and detects the 
amount of the intake air at step S360. In addition, the control 
portion 60 calculates the fuel injection amount at step S370. 

After that, the control portion 60 calculates air/fuel ratio of 
the combustion chamber at step S380. Herein, the air/fuel 
ratio of the combustion chamber means air/fuel ratio in the 
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combustion chamber of the engine 20. The air/fuel ratio of the 
combustion chamber can be calculated from the following 
equation. 

Herein, 2 represents the air/fuel ratio of the combustion 
chamber, N represents the amount of the intake air, and F 
represents the fuel amount. 

In addition, the first oxygen sensor 42 detects the air/fuel 
ratio of the exhaust line at step S390 and transmits the signal 
corresponding thereto to the control portion 60. 
The control portion 60 determines whether the air/fuel 

ratio of the combustion chamber is equal to the air/fuel ratio 
of the exhaust line at step S400. If the SAI valve 34 is closed, 
the air cannot be directly supplied to the exhaust line 40. Only 
the air Supplied to the combustion chamber can pass the 
exhaust line. Therefore, if the SAI apparatus is not out of 
order, the air/fuel ratio of the combustion chamber should be 
equal to the air/fuel ratio of the exhaust line. 

If the air/fuel ratio of the combustion chamber is equal to 
the air/fuel ratio of the exhaust line, the control portion 60 
determines that the SAI is performed normally and stops the 
operation of the SAI pump 32 at step S410. 

If the air/fuel ratio of the combustion chamber is not equal 
to the air/fuel ratio of the exhaust line, the control portion 60 
stores a third fault code at step S420 and stops the operation 
of the SAI pump 32 at the step S410. The third fault code is 
fault code related to the SAI valve stuck. 
As described above, fault of the SAI apparatus can be 

diagnosed using sensors mounted to a conventional SAI 
apparatus according to an exemplary embodiment of the 
present invention. Therefore, cost may be reduced and a lay 
out of the SAI apparatus may be simplified. 

That is, fault of the SAI apparatus can be diagnosed using 
the sensors already mounted at the vehicle without mounting 
an additional flow meter at the SAI line according to an 
exemplary embodiment of the present invention. Therefore, 
cost may be reduced and a layout of the SAI apparatus may be 
simplified. 

For convenience in explanation and accurate definition in 
the appended claims, the terms “upper”, “lower”, “inner and 
“outer are used to describe features of the exemplary 
embodiments with reference to the positions of such features 
as displayed in the figures. 
The foregoing descriptions of specific exemplary embodi 

ments of the present invention have been presented for pur 
poses of illustration and description. They are not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed, and obviously many modifications and variations 
are possible in light of the above teachings. The exemplary 
embodiments were chosen and described in order to explain 
certain principles of the invention and their practical applica 
tion, to thereby enable others skilled in the art to make and 
utilize various exemplary embodiments of the present inven 
tion, as well as various alternatives and modifications thereof. 
It is intended that the scope of the invention be defined by the 
Claims appended hereto and their equivalents. 
What is claimed is: 
1. A vehicle having a system of diagnosing a secondary air 

injection apparatus, comprising: 
an engine generating powerby burning an air/fuel mixture; 
an intake line Supplying air to the engine; 
an exhaust line exhausting exhaust gas produced at the 

engine to an exterior of the vehicle; 
a secondary air injection (SAI) line branching off at a 

branch point of the intake line and being joined to the 
exhaust line at a joining point of the exhaust line; 
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10 
a first pressure sensor mounted at the intake line and detect 

ing pressure or amount of intake airflowing through the 
intake line; 

a catalytic converter mounted at the exhaust line and 
removing noxious material contained in the exhaust gas; 

a first oxygen sensor mounted at the exhaust line between 
the joining point and the catalytic converter and detect 
ing an air/fuel ratio in the exhaust line; 

an SAI pump mounted at the SAI line and pumping the air 
flowing through the intake line to the SAI line; 

an SAI valve mounted at the SAI line and selectively com 
municating the SAI line with the exhaust line; and 

a control portion controlling the SAI pump and the SAI 
valve so as to perform catalyst heating, 

wherein the control portion determines an air/fuel ratio of 
secondary combustion in a state where secondary air 
injection (SAI) is executed by driving the SAI pump and 
opening the SAI valve, determines an air/fuel ratio of a 
combustion chamber in a state where the SAI valve is 
closed after the catalyst heating is completed by driving 
the SAI pump and opening the SAI valve, and deter 
mines fault by comparing the air/fuel ratio of the sec 
ondary combustion or the air/fuel ratio of the combus 
tion chamber with the air/fuel ratio of the exhaust line 
detected by the first oxygen sensor. 

2. The vehicle of claim 1, wherein the control portion opens 
the SAI valve when a pressure of the SAI line is higher than 
or equal to a predetermined pressure. 

3. The vehicle of claim 1, wherein the control portion stores 
a first fault code related to the SAI valve being stuck oran SAI 
line leak when the air/fuel ratio of the secondary combustion 
is larger than the air/fuel ratio of the exhaust line. 

4. The vehicle of claim 1, wherein the control portion stores 
a second fault code related to an error of a modeling value for 
determining a flow amount of the SAI when the air/fuel ratio 
of the secondary combustion is smaller than the air/fuel ratio 
of the exhaust line. 

5. The vehicle of claim 1, wherein the control portion stores 
a third fault code related to the SAI valve being stuck when 
the air/fuel ratio of the combustion chamber is not equal to the 
air/fuel ratio of the exhaust line. 

6. The vehicle of claim 1, wherein the control portion 
determines the air/fuel ratio of the secondary combustion 
using the pressure or the amount of the intake air detected by 
the first pressure sensor and a rotation speed of the SAI pump. 

7. The vehicle of claim 6, wherein the control portion 
determines a pressure difference between a front end and a 
rear end of the SAI valve using the rotation speed of the SAI 
pump and an exhaust pressure according to a load. 

8. The vehicle of claim 7, wherein a modeling value for 
determining a flow amount of the SAI according to the pres 
sure difference between the front end and the rear end of the 
SAI valve is stored in the control portion. 

9. The vehicle of claim 1, wherein the control portion 
determines the air/fuel ratio of the combustion chamber using 
the pressure or the amount of intake air detected by the first 
pressure sensor. 

10. The vehicle of claim 1, wherein the control portion 
determines that the catalyst heating is completed when a 
temperature of the catalytic converter is higher than or equal 
to a predetermined temperature. 

11. A method of diagnosing a secondary air injection appa 
ratus provided with a first pressure sensor mounted at an 
intake line which Supplies air to an engine and detects a 
pressure or an amount of intake air, a first oxygen sensor 
mounted at an exhaust line which exhausts exhaust gas gen 
erated at the engine and detects an air/fuel ratio of the exhaust 



US 9,097,165 B2 
11 

line, an SAI line which Supplies the air to the exhaust gas of 
the exhaust line for catalyst heating, and an SAI pump and an 
SAI valve mounted at the SAI line, the method comprising: 

driving the SAI pump when a catalyst heating condition is 
satisfied; 

opening the SAI valve; 
determining an air/fuel ratio of secondary combustion; 
detecting the air/fuel ratio of the exhaust line using the first 

oxygen sensor, and 
determining fault of the secondary air injection apparatus 
by comparing the air/fuel ratio of the secondary com 
bustion with the air/fuel ratio of the exhaust line. 

12. The method of claim 11, wherein the SAI valve is 
opened when a pressure of the SAI line is higher than or equal 
to a predetermined pressure. 

13. The method of claim 11, wherein the determining of the 
air/fuel ratio of the secondary combustion includes: 

detecting the amount of the intake air, 
determining a fuel injection amount; 
determining a pressure difference between a front end and 

a rear end of the SAI valve; 
determining a flow amount of SAI according to the pres 

sure difference; and 
determining the air/fuel ratio of the secondary combustion 

using the amount of the intake air, the fuel injection 
amount, and the flow amount of the SAI. 

14. The method of claim 11, further including storing a first 
fault code related to the SAI valve being stuck oran SAI line 
leak when the air/fuel ratio of the secondary combustion is 
larger than the air/fuel ratio of the exhaust line. 

15. The method of claim 11, further including storing a 
second fault code related to an error of modeling value for 
determining the flow amount of the SAI when the air/fuel 
ratio of the secondary combustion is smaller than the air/fuel 
ratio of the exhaust line. 

16. A method of diagnosing a secondary air injection appa 
ratus provided with a first pressure sensor mounted at an 
intake line which Supplies air to an engine and detects a 
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pressure or an amount of intake air, a first oxygen sensor 
mounted at an exhaust line which exhausts exhaust gas gen 
erated at the engine and detects an air/fuel ratio of the exhaust 
line, a SAI line which Supplies the intake air to the exhaust gas 
of the exhaust line for catalyst heating, and an SAI pump and 
an SAI valve mounted at the SAI line, the method comprising: 

driving the SAI pump when a catalyst heating condition is 
satisfied; 

opening the SAI valve; 
determining whether the catalyst heating is completed; 
closing the SAI valve when the catalyst heating is com 

pleted; 
determining an air/fuel ratio of a combustion chamber in 

the engine; 
detecting the air/fuel ratio of the exhaust line using the first 

Oxygen sensor; and 
determining fault of the secondary air injection apparatus 
by comparing the air/fuel ratio of the combustion cham 
ber with the air/fuel ratio of the exhaust line. 

17. The method of claim 16, wherein the SAI valve is 
opened when a pressure of the SAI line is higher than or equal 
to a predetermined pressure. 

18. The method of claim 16, wherein the determining of the 
air/fuel ratio of the combustion chamber includes: 

detecting the amount of the intake air, 
determining a fuel injection amount; and 
determining the air/fuel ratio of the combustion chamber 

using the amount of the intake air and the fuel injection 
amount. 

19. The method of claim 16, further including storing a 
third fault code related to the SAI valve being stuck when the 
air/fuel ratio of the combustion chamber is not equal to the 
air/fuel ratio of the exhaust line. 

20. The method of claim 16, wherein the SAI valve is 
opened when the pressure of the SAI line is higher than or 
equal to a predetermined pressure. 
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